Owing to the abundance of a sedimentary rock, 65 small-scale quartz manufacturing enterprises, employing 650 workers, have been established in the region studied. Quartz powder manufacturing involves various processes and operations, such as manual handling of quartz stones, crushing, grinding, sieving, screening, mixing, storing and bagging. Results demonstrate that each of these operations generates high concentrations of airborne`total' dust and respirable dust, which contain a very high percentage (>75%) free silica. The estimated average exposure to airborne`total' dust was 22. ). This shows that`total' dust exposure was 7.7 times higher than respirable dust. Since the present work systems and practices may pose a serious health risk to the workers, public and the environment, suitable preventive and control measures have been suggested for improvement in the workplace. #
INTRODUCTION
Quartz powder is manufactured by using sedimentary rock as a raw material in small-scale industry. There are 65 registered small-scale manufacturing enterprises employing about 650 workers located in and around Jaipur, Ajmer and Beawer in Rajasthan State, India. In each unit, ®ve to ten workers are employed, of which 60 to 90% are women. On average, each enterprise produces 4 to 6 tonnes of ®n-ished products per day. A few more manufacturing enterprises are likely to arise in the near future due to the abundance of the natural resourceÐsedimen-tary rockÐin a large number of locations in the State. Sedimentary rock containing a high percentage of free silica is required for the manufacture of quartz powder, which goes down in size to¯our-like ®ne powder, known as`remming mass', which is utilised as a basic raw material in manufacturing induction furnace linings, ceramics, refractories and porcelain articles. Because of the high silica content and the high purity of the quartz powder, the country exports about 10% of this product.
The main processes and operations carried out are: stone crushing, grinding, sieving, screening, mixing, storing and bagging. The dust generated by each of these operations contains a very high amount of free silica, and exposure over a long period above the Permissible Limit of Exposure (Government of India, 1987) may lead to serious occupational diseasesÐsilicosis. Dust generated at the workplace also gets dispersed in the vicinity and causes health risk to the public and environment. Therefore, the present assessment of dust exposure and work environmental conditions has been carried out.
METHODS OF MANUFACTURE
The processes and operations involved in the manufacture of quartz powder are illustrated in Fig.  1 .
Work processes
A vast area of the region is covered by the stone mines. Stone cutting is done in the mining area and the stones are taken to the crushing plant by truck. The ®rst stage is stone crushing, with stone blocks being manually fed through the hopper to a jaw crusher. The crushed stones are carried through a conveyor belt to the rotary grinder for grinding. The Ann. occup. Hyg., Vol. 43, No. 4, pp. 269±273, 1999 # 1999 ground materials are then taken to an elevated level by air lifting to a bag ®lter and ®nally sieved according to the size of quartz required. The dierent grades of quartz powder manufactured depend upon the demand for the product. The quartz powder size is usually between 1.52 mm and 3.04 mm or 3.04 mm and 6.08 mm. The quartz powder is also passed through a magnetic separator in order to remove the extraneous ferrous material from the product raw material. Finally, the quartz powder is put into the bag manually and the quartz bags are transported to the consumers. In some cases, quartz powder is stored in heaps and/or bags in the warehouse for subsequent transfer to the consumers.
Work conditions
During the manufacturing process, it was observed that a large amount of airborne dust is generated in each of these operations. On some occasions, the normal visibility was greatly reduced by the presence of high amounts of airborne dust in the work environment. Workers were using cloth pieces to prevent the inhalation of dust. No personal protective equipment was provided to the workers. In a number of manufacturing enterprises, women workers come to the workplace with their infants who, along with their mothers, are equally exposed to the dust. However, workers might not be exposed to a dusty atmosphere for more than four hours in a shift.
Due to poor cleanliness and housekeeping, the accumulation of dust deposited on all parts of the¯at surfaces of machines as well as on the shop¯oor has been observed. Stone crushers are generally located outside the shed in the open atmosphere. Dust generated by the stone crusher and various operations in the units gets dispersed into the surroundings and carried away from the workplace by the wind, thereby creating hazards to health as well as nuisance to the people living near the manufacturing industry (Rajasthan Patrika, 1992; Chakraborty and Fulekar, 1992) .
COMPLIANCE WITH PROVISIONS
In some of the manufacturing enterprises, there were provisions for dampening and wetting the stones before they were fed to the crusher. However, it was stated by the management that the dampening and wetting of stones at the initial stage does not help in producing a quality product as the mass becomes sticky, which renders it unsuitable for subsequent processing. As such, manipulation of stones at present does not comply with the provisions relating to the control of dust at the source (Ministry of Labour, 1987) . In consideration of these speci®c and serious problems of dust emission and its further dispersion in the work atmosphere, recommendations for the control of dust have been given to the management of the quartz manufacturing industry.
SITE SELECTION
Since most enterprises manufacture similar products from the same basic raw material with mostly identical processes, it was decided to restrict the study to six enterprises. A, B and C were stone crushing enterprises located in Jaipur, in the industrial area, residential area and mining area, respectively. Quartz manufacturing enterprises D, E and F were located in the industrial area of Ajmer. D and F manufacture quartz powder from quartz stones by ball milling. Enterprise E manufactures quartz powder by using a special stone (feldspar) as the raw material.
MATERIALS AND METHODS
Samples of airborne dust were collected in the breathing zones of the workers during stone crushing and quartz manufacturing operations. The airborne`total' dust samples were collected on a glass ®bre ®lter paper or membrane ®lter paper of 37 mm diameter, having 0.8 mm pore size, ®tted in a Millipore holder, using a personal sampling pump (Casella, London) at the rate of 2±3 l/min for 30± 120 min. The airborne respirable dust samples were also collected on a membrane ®lter paper of 25 mm diameter, of 0.8 mm pore size, by using a cyclone separator (Higgins and Dewell, 1967) at the rate of 2 l/min for 60-180 min. The collected airborne dust samplesÐboth`total' dust and respirable dustÐ were weighed. The free silica contents were determined by the Talvite method (Talvite, 1964) .
The Factories Act, 1948, amended in 1987, prescribed Permissible Limits of Exposure (PLE) (Government of India, 1987) . For dust containing quartz, the PLE is based on the concept that the toxicity of the dust is proportional to the concentration of quartz in it. In order to have a method of maximal simplicity for routine monitoring of dust concentration, total and respirable dust PLEs have been adopted as follows: PLE for total dust containing free silica = 30/(% quartz+3) PLE for respirable dust containing free silica= 10/(% respirable quartz+2).
RESULTS AND DISCUSSION
The available data demonstrate a very high level of silica content, ranging from 86±98%, in stones used in quartz manufacturing (Personal Communication, Rajasthan Inspectorate of Factories, 1991). The country exports about ten per cent of quartz powder manufactured because of the high silica content and high degree of purity of the product. However, the free silica content in airborne dust determines the degree of toxicity. The analysis results reveal that the airborne`total' dust free silica content ranged from 13.7±72%, having a mean value of 24.7%; while airborne respirable dust free silica content varied from 12.3±48%, with an average value of 25.8%. In comparing the results with the PLEs, the free silica content values in each stone crushing and quartz manufacturing unit were utilised. The exposure levels of airborne`total' and respirable dust in stone crushing and quartz manufacturing units are presented in Tables 1 and  2 . The dust emitted gives rise to high levels of exposure. (Fig. 2) The results are summarised in Fig. 3 . This ®gure illustrates that`total' dust concentration is higher than the respirable dust concentration in each unit of stone crushing and quartz manufacturing. The average values showed 22.58 mg m À3`t otal' dust (mean PLE 1.08 mg m
À3
) as compared to 2.93 mg m À3 respirable dust (mean PLE 0.36 mg m À3 ), showing that the`total' dust levels were about 7.7 times the respirable levels. The respirable levels are accepted as being more relevant for quartz dust (Raymond, 1974; ILO, 1983) .
Operational control measures involving dampening and wetting of quartz stones before they are crushed, and carrying out all types of manipulation of stones under local exhaust ventilation, would reduce the health risk and decrease the dispersion of dust in the environment. The adoption of such safe procedures and practices has been suggested. The practice of good personal hygiene, use of suitable dust respirators, maintenance of housekeeping and good work conditions and practices would provide a better working environment. This would provide a healthier work force and reduce or prevent the generation of dust at the source, which would ultimately lead to an increase in production and a pollution-free environment.
CONCLUSION
The present assessment of occupational exposure to airborne dust and work environmental conditions carried out in the quartz manufacturing industry provided complete information for the ®rst time. Exposure to airborne concentration of`total' dust and respirable dust exceeded the PLEs. The airborne dust generated contains high percentages of free silica, both in`total' and respirable dust, that may lead to occupational diseasesÐsilicosisÐif exposure Occupational exposure to dust in quartz manufacturing industry 271 
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is prolonged and the concentration of dust is high. The dispersion of the dust generated also enhances the health risk to the public in the vicinity and the environment. The considerable load on environmental pollution due to the quartz manufacturing operations is likely to increase in the near future. The implementation of the recommendations, as discussed and suggested to the management, will go a long way in the prevention and control of occupation exposure and the abatement of environmental pollution.
